SUMMARY We discuss the interpretation of thyroid aspiration cytology in the light of our experience and review the circumstances in which false positives and false negatives may occur. The technique is reliable but by no means infallible and it should not be regarded as a final diagnostic work-up. Its value lies in selecting patients with thyroid nodules for surgery. In the present series of 304 patients, 79 underwent operation and 37 malignancies were found. The incidence of malignancy among the surgically excised nodules was 47%, in contrast to 14% in the past. We estimated that 268 operations would be required to salvage the same number of malignancies without the use of fine needle aspiration biopsy.
Whether one should excise a "cold" thyroid nodule or manage it conservatively is a question that continues to provoke controversy.1-3 The main reason for such a problem to exist is that thyroid nodules are common while the incidence of thyroid cancer is low. Based on necropsy data, Sokal estimated that fewer than 1% of unselected nodular goitres were malignant.4 On the other hand, in most series of surgically excised thyroid nodules about 10% to 20% proved to be malignant on histological examination.-7 The higher incidence of malignancy among the surgically treated patients reflects preoperative efforts in patient selection and does not give a true picture of the natural course of all the thyroid nodules in the general population. Nevertheless, with a five to one chance that the nodule removed is benign, there is obviously a need for more precision in the preoperative discrimination between malignant and benign thyroid nodules. We have been interested in evaluating the fine needle aspiration biopsy (FNAB) in fulfilling this need. This paper reviews our experience with FNAB performed at a large municipal hospital during the four-year period, 1978-1981. Reliable follow-up information and sufficient experience have now accumulated to answer many of the questions regarding the advantages and pitfalls of the aspiration technique. The literature on this subject is also reviewed.
Accepted for publication 20 April 1983 Material and methods Fine needle aspiration biopsy can be safely performed on an outpatient basis. The patient lies comfortably in a supine position and the neck is extended with a pillow placed under the shoulders and neck. The skin overlying the lesion is cleaned with an antiseptic. No local anaesthesia is required. The lesion is punctured with a 23 gauge needle connected to a 10 ml air-tight plastic syringe. When the needle has entered the nodule, the plunger is then retracted to create a vacuum in the syringe. The needle is moved back and forth several times within the lesion as material is aspirated into the needle by the negative pressure. Just prior to the withdrawal of the needle from the lesion, the plunger is released to eliminate the vacuum, thereby avoiding aspiration of the sample into the syringe barrel. To expel the aspirated material onto the glass slides, the needle containing the sample is first detached from the syringe and the plunger is withdrawn to allow air into the syringe. The (Fig. 3) . A monolayered tissue fragment displays tumour cells in one plane of focus. The lack of a three-dimensional configuration with flattening of cells in smears probably helps to exaggerate the size of the tumour cells, which generally appear to be larger than those in the papillary fragments; nuclear pleomorphism is also more evident (Fig. 4a) . Sometimes carcinoma cells appear squamoid, without signs of keratinisation. The squamoid changes are most often seen in monolayered tissue fragments (Fig. 4b) . A multilayered tissue fragment consists of markedly superimposed tumour cells with apparent disorganisation and the fragment contour exhibits irregularity (Fig. 5a) glass" nuclei or psammoma bodies is present. The finding of multilayered tissue fragments is common in aspirates of any cellular neoplasms and they are not necessarily derived from a papillary carcinoma. In about 50% of our cases, the tumour cells exhibit intranuclear inclusions of the cytoplasm, so-called pseudonucleoli (Fig. 4a) . Although commonly associated with thyroid papillary carcinoma, these cytoplasmic invaginations have been observed in other lesions including adenocarcinomas and melanoma.8 9 Twenty per cent of our aspirates contain psammoma bodies. These are basophilic, laminated spherules measuring 30-100,um in diameter (Fig. 5b) are not absolute and we have found them less useful when applied to individual cases of welldifferentiated follicular carcinoma whose nuclear features frequently overlap those of adenoma. Most authors '2 13 (Fig. 8a & 8b) The aspirates contain many tumour cells occurring in discrete small acinous units or in larger cell sheets with a follicular pattern. The nuclei are round and regular, usually smaller than those seen in follicular carcinoma. The chromatin is evenly distributed and the nucleoli are frequently invisible. However, some cell samples obtained from an atypical adenoma or an adenoma with retrogressive changes may reveal cellular atypia that may be confused with carcinoma. '5 Colloid goitre (Fig. 9 (Fig. 1Oa) .
The nuclei of the Hurthle cells sometimes can be quite large and atypical, simulating a Hurthle cell tumour. In thyroiditis, however, an additional population of "normal" Hurthle cells with smaller and regular nuclei is also present, giving rise to a cytological pattern referred by Nilsson'7 as "discontinuous anisokaryosis" (Fig. 10b) . Conversely neoplastic by cytology showed that nine nodules had been treated surgically (Table) . 
Fine needle aspiration biopsy of the thyroid gland: a study of 304 cases follow-up showed two Hurthle cell adenomas and if these two were included as false-negatives in the calculation of "sensitivity", the result would be slightly lower-that is, 94%.
Discussion
FNAB is essentially a cytological method and for diagnosis requires a much smaller sample than that needed for histological examination. Many physicians who are not aware of the differences between FNAB and the histological biopsy obtained by a thick-core needle (Tru-Cut or Vim-Silverman needle) have unjustifiably regarded FNAB as an easy and less accurate modification of the histological biopsy. It is important to note that the accuracy of cytological diagnosis, as far as thyroid aspiration is concerned, compares favourably with that of the thick-core biopsy.20 21 Among the many reports that consider the accuracy of FNAB, results vary, but in most large series the overall accuracy rate exceeds 90% with a 5 to 10% frequency of false-positives and false-negatives.12 16 22-24 There are other advantages of fine needle aspiration biopsy. It is a simple and safe procedure that can be performed on outpatients, with wide patient acceptance. It is cost effective, and can be repeated as necessary. Local anaesthesia, needed for thick-core biopsy, is not necessary. Complications such as haematoma formation and transitory vocal cord paralysis encountered rarely with the Vim-Silverman or Tru-Cut biopsy, are even rarer with the fine needle biopsy.22-25 Two cases of tumour implantation in the needle tract following the use of Vim-Silverman needle have been recorded in the literature.20 26 Recently, Block et a127 reported a subcutaneous implant of thyroid carcinoma six months after surgical excision of the tumour in a patient whose preoperative assessment included fine needle biopsy. The authors were careful to point out that it was difficult to be certain of the origin of the tumour implant. The large scale use of fine needle aspiration in Scandinavia has yet to result in any reports of cancer implantation in the needle tract. '2 15 While the rarity of complications and the many advantages associated with FNAB have encouraged more physicians to use the FNAB technique in preference to the thick-core biopsy, others still feel that the technique has very little value as a routine procedure in the investigation of thyroidnodules.3 28 29 All patients undergoing aspiration biopsy in our series were not operated upon and the possibility of missing a malignant tumour is not certain. It may be that the given number of false-negative cases (2) in the series is a low estimate. The literature indicates that the expected incidence of malignancy among "cold" thyroid nodules is between 10% and 20%. In the present study, a total of 37 cancers was detected, which represents a figure of 16% malignancy in the total number of "cold" nodules (235 Frable' s series'3 the rate was 7-5%. Aspegren37 reported that aspiration cytology was found to be 25% less accurate when various surgeons performed the aspiration than when it was performed by trained cytopathologists. Inadequate aspiration, failure in making acceptable smears, or faulty fixation were reasons for this difference. In our material the unsatisfactory biopsies constituted 5% of the total. The same three physicians (two endocrinologists and one radiologist) performed 90% of the biopsies. For each case, an average of two aspirations were performed, and if the biopsy was judged inadequate by gross inspection of the smears it was repeated immediately.
The most common causes of false positive cytological reports in our study were:
(i) Cellular colloid goitre mistaken for neoplasm. Four such cases of cellular colloid nodule were surgically treated because they were diagnosed as neoplastic on FNAB.
(ii) Thyroiditis mistaken for neoplasm. One case of chronic lymphocytic thyroiditis was cytologically labelled as lymphoma and one case of subacute Suen, Quenville thyroiditis diagnosed as "suspected carcinoma" (Table) .
In conclusion, we wish to stress that the true value of fine needle aspiration biopsy lies in patient selection and case identification. In order to maintain a high sensitivity (97% in our study) for cancer detection we overdiagnosed some non-neoplasms as neoplastic, sacrificing somewhat the predictive value of the positive reports (91%). We believe that a few false-positive reports are acceptable if one does not wish to miss any of the malignant nodules. Furthermore, many more of the benign "cold" nodules would be operated on if FNAB is not in use. FNAB is not a final diagnostic work-up and a conclusive cytological diagnosis is not always required, but each result, if suspicious for neoplasm, should lead to further investigations that will identify a specific lesion and in most instances this would mean surgical exploration.
